The acidic peatlands of southern Brazil are ecosystems essential for the maintenance of the Atlantic Forest, one of the 25 hot-spots of biodiversity in the world. In this work, we investigated the composition of prokaryotic communities in four histosols of three acidic peatland regions by constructing small-subunit (SSU) rRNA gene libraries and sequencing. SSU rRNA gene sequence analysis showed the prevalence of Acidobacteria (38.8%) and Proteobacteria (27.4%) of the Bacteria domain and Miscellaneous (58%) and Terrestrial (24%) groups of Crenarchaeota of the Archaea domain. As observed in other ecosystems, archaeal communities showed lower richness than bacterial communities. We also found a limited number of Euryarchaeota and of known methanotrophic bacteria in the clone libraries.
INTRODUCTION
Peatlands are ecosystems with high quantity of organic matter due to high water table levels and low temperatures. In the water-saturated layer, the lack of oxygen significantly retards degradation of organic matter, causing plant residues to accumulate as peat. Worldwide, it is estimated that an area of about 400 million ha is covered with peatland, equivalent to 3 % of the Earth's surface. Most of this area, about 350 million ha, is in the northern hemisphere, harbouring over one-third of the global reserves of soil organic carbon (44) . In Brazil, it is estimated that these environment cover approximately 611,883 ha, i.e., around 0.07 % of the national territory (55) .
The acidic peatlands of the Paraná state in southern Brazil are contained within the high-altitude grasslands that cover 28,000 km 2 of the state. This ecosystem contains herbaceous and bryophytes species and the soils are covered by Sphagnum mosses, the dominant component of the peat bog vegetation (15) . This ecosystem belongs to the Brazilian Atlantic Forest and is essential for the maintenance of the biome, which is one of the 25 biodiversity hot-spot in the world (38) . Occurring in altitudes higher than 1,000 meters above sea level, these 
MATERIALS AND METHODS

Localization and site description
Histosol DNA extraction and quantification
One gram of histosol was used for nucleic acids extraction with the "Ultraclean Soil DNA kit" (MO BIO Laboratories)
according to the manufacturer's instructions. The DNA integrity was determined by electrophoresis in 1X TAE-0.8% agarose gels and stained with ethidium bromide (0.5 g/mL).
PCR amplification
Bacterial and archaeal SSU rRNA genes were amplified 
RESULTS AND DISCUSSION
Bacterial and archaeal communities from acidic peatlands
In this work we identified the major bacterial and archaeal groups present in acidic peatland from the southern Brazilian Atlantic Forest by SSU rRNA gene sequencing from the Serra do Mar (SM20), the Second Plateau (CG20 and CG50) and the Third Plateau (PA20). 565 sequences of the bacterial SSU rRNA V2-V3 region with an average length of 450pb were recovered. The majority of the sequences belong to the Acidobacteria (33.8%) and Proteobacteria (26.2%) phyla (Fig.   1A ). These two groups were the most numerous found in both forest soil and in Sphagnum peat bogs (17, 29) . Phylogenetic analysis of dominant groups showed that representatives of the Acidobacteria (Gp1, Gp2 and Gp3) and of the classes of Proteobacteria (Alpha, Beta, Gamma and Delta) were present in all samples, contributing to the high similarity of the libraries (Fig. S1 and S2 ). The taxa responsible for the observed differences belonged mainly to the least abundant phyla: Firmicutes, Verrucomicrobia, Bacteria_ incertae_sedis, Bacteroidetes, Chloroflexi and Actinobacteria (Fig. 1A) .
One study of a Sphagnum peat bog in Western Siberia showed that Verrucomicrobia was the third most abundant phylum (17) and other studies based on SSU rRNA sequencing suggested that Verrucomicrobia represent one of the most dominant phyla of soil environments (29, 32) . They typically represent between 2% and 8% of the total bacterial community, with the highest densities observed in the rhizosphere (32).
However, no representative of this phylum was found in the peatland of Serra do Mar (SM20Bac library) (Fig. 1A) . This was the only peatland area surrounded by the Atlantic Rainforest. A recent study of soil of the Atlantic Rainforest also found no representatives of this phylum (20) .
Distribution analysis showed a high percentage of unique
OTUs in all four bacterial libraries varying from 58 to 80% (Table 1) . Only two OTUs belonging to the Gp1 and Gp2
genera were present in all libraries. Representatives of the class
Deltaproteobacteria were also present in all pairwise comparisons ( Table 2) .
A total of 542 sequences of archaeal SSU rRNA spanning V2-V5 region with an average length of 800 bp were also obtained. In contrast to that observed for peatlands of the northern hemisphere (8, 30), methanogens do not appear to dominate archaeal communities of the southern Brazilian Atlantic Forest peatlands. In these ecosystems 90% of the sequences belonged to the Crenarchaeota phylum, and only 9% were from methanogens, which belonged to the Euryarchaeota phylum (Fig. 1B) .
Two groups were dominant within the phylum
Crenarchaeota: Miscellaneous Crenarchaeotic Group (MCG, 58%) and Terrestrial Group (TG, 24%) (Fig. 1B) . MCG has a wide habitat range, which includes terrestrial and marine, hot, cold, surface or subsurface environments (54) . The presence of MCG in the SM20, CG20, CG50 and PA20 peatlands confirms the wide distribution of this group. The TG contains crenarchaeotal sequences that were mainly retrieved from soil samples and the rhizosphere (40, 48) . The wide distribution of TG in soil indicates that it is one of the most globally Prokaryotic communities of acidic peatlands distributed archaeal group in terrestrial habitats. However, the ecophysiology and function of Crenarchaeota remain unclear due to the lack of cultured isolates. The RC-I and RC-II groups have been found in different ecosystems with active methanogenesis, such as acidic peatlands and rice paddies (8, 12, 24) . Members of the RC-I group, found only in the Second Plateau (CG20Arq and CG50Arq libraries) (Fig. 3) , are characterized as hydrogenotrophic methanogens and have been found to produce methane near rice roots (45) by using the accumulated H 2 , generated from the fermentation of secreted photosynthates (16) . This group is particularly abundant in rice paddies, where it can make up 20 to 50% of the total number of methanogens (34) . However it represented only 4% of the methanogens in our area of study, which is similar to other peatlands (7). RC-II was the most abundant methanogen group with representatives in the PA20Arq, SM20Arq and CG50Arq libraries (Fig. 3) .
As observed for
Members of RC-II seem to tolerate a broad range of pH values, since sequences have been retrieved from acidic as well as neutral sites (2, 12, 31) .
Sequences clustering with Methanoregula spp. were present in libraries SM20Arq and PA20Arq (Fig. 3) . These are likely to represent hydrogenotrophic and/or formatotrophic methanogens, since members of this group are known to utilize H 2 /CO 2 (4) or H 2 /CO 2 or formate (57). This group is abundant in other oligotrophic peatlands (23, 50) , and has been shown to grow in low-nutrient and low-ionic-strength medium and to be highly sensitive to oxygen (5), suggesting its adaptation to extreme anaerobic environments. Other sequences of the hydrogenotrophic orders Methanomicrobiales and
Methanocellales were also found.
Taxa of the group GOM Arc I (36) present in PA20Arq, CG20Arq and CG50Arq (Fig. 3) were closest to uncultured archaea of sediment and peatland (6, 7, 39) . Although this group is phylogenetically close to the group ANME-2 (Archaeal ANaerobic MEthane oxidizers, 36), there is no evidence of methane-oxidation by members of the GOM arc I.
The sequence related to acetoclastic Methanosaeta was found only in PA20Arq and comprised 11% of the total methanogens (Fig. 3) . The absence of other acetotrophs belonging to the family Methanosarcinaceae in this peatland suggests a low concentration of acetate in this bog, since in ecosystems where acetate concentrations are high
Methanosaeta are outcompeted by Methanosarcina (13, 21, 56 ).
In agreement with Aller and Kemp (1), who compared bacterial and archaeal richness of several environments and Prokaryotic communities of acidic peatlands observed that in the majority of the studied ecosystems the bacterial richness was higher than archaeal richness, the southern Brazil acidic peatlands also had a higher richness of Bacteria than Archaea (Fig. 4) . Besides, the Third Plateau (PA20) peatland showed higher procariotic diversity among the samples studied ( Fig. 2A ).
In conclusion, the predominance of hydrogenotrophic methanogens (89% of the methanogens) suggests that the main production of CH 4 occurs through the H 2 -CO 2 pathway. This result is consistent with other studies, which showed that hydrogenotrophy is the dominant reaction in bogs (11, 23, 28, 35) . Furthermore, this is also the first study to reveal the prokaryotic diversity in the southern Brazilian Atlantic Forest peatlands, showing a higher richness of Bacteria than Archaea. 
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